Motivation: Nuclear magnetic resonance (NMR) protein studies rely on the accurate assignment of resonances. The general procedure is to (1) pick peaks, (2) cluster data from various experiments or spectra, (3) assign peaks to the sequence and (4) verify the assignments with the spectra. Many algorithms already exist for automating the assignment process (step 3). What is lacking is a flexible interface to help a spectroscopist easily move from clustering (step 2) to assignment algorithms (step 3) and back to verification of the algorithm output with spectral analysis (step 4). Results: A software module, NvAssign, was written for use with NMRView. It is a significant extension of the previous CBCA module. The module provides a flexible interface to cluster data and interact with the existing assignment algorithms. Further, the software module is able to read the results of other algorithms so that the data can be easily verified by spectral analysis. The generalized interface is demonstrated by connecting the clustered data with the assignment algorithms PACES and MONTE using previously assigned data for the lyase domain of DNA polymerase λ. The spectral analysis program NMRView is now able to read the output of these programs for simplified analysis and verification. Availability: NvAssign is available from http://dir.niehs.nih. gov/dirnmr/nvassign Contact: mueller3@niehs.nih.gov Supplementary information: Extensive manual pages with installation instructions, procedures and screen shots can also found at http://dir.niehs.nih.gov/dirnmr/nvassign
INTRODUCTION
Nuclear magnetic resonance (NMR) protein studies rely on the accurate assignment of resonances. There are four steps in the assignment process, the first of which is to pick peaks from the NMR experiment. Picking of peaks has been * To whom correspondence should be addressed. well automated by modern software. The second step is to group peaks from different experiments by spin system, also known as clustering. This is typically done by inspecting the HN and N resonances of peaks from an HSQC or HNCO experiment and grouping peaks within a certain proximity. The third step is to assign spin systems a place in the sequence of the protein. This is done by assessing connectivities from scalar coupled experiments and evaluating possible amino acid types. The final (fourth) step in the process is the verification of the sequenced protein with the spectra.
There are many software packages that attempt to automate and aid in this process, for example, AUTOASSIGN, PACES and MONTE [Zimmerman et al., 1997; Coggins and Zhou, 2003; Hitchens et al., 2003a,b ; for a review, see Moseley and Montelione (1999) ]. Each program has different strengths and weaknesses, although few of them are interfaced well with the other spectral analysis programs. Much of the work on these software packages has instead gone into the algorithms that facilitate sequential assignment from the grouped peaks (step 3). There is a need for a flexible interface between the clustering analysis (step 2) and assignment stages as well as between the assignment and verification stages (step 4). A new software module NvAssign, addresses these issues for the widely used spectral analysis program NMRVIEW. NvAssign is likely to be extremely useful as a verification tool for any of the various proteomics initiatives that use any of the published automated methods.
SOFTWARE IMPROVEMENTS
This project has focused on interfacing the different steps of the NMR assignment process by altering the software package NMRView 5.0.4 (Johnson and Blevins, 1994) . The previous assignment module of NMRView (CBCA.tcl) was improved upon to make the user's experience more intuitive and fluid, and to implement other assignment algorithms. A side-bar (1) Examine peaks: The spectroscopist removes artifacts from the peak picking routines. (2) Filter peaks: Peaks from three-dimensional (3D) experiments are removed if they do not fall within set tolerances from a reference peaklist, usually the HSQC (optional). (6) Edit matches: The connectivities defined by HNCACB or similar experiments can be verified.
(7) Assemble fragments: Connected spin systems, called fragments, are placed in the sequence of the protein where they can be verified.
Additional improvements include several options that were added to the main window when executing functions that were previously buried in other hidden windows. Control of the frames containing visualizations of data was improved to easily change settings that are dealt with frequently in the process. The data are also now exportable to a format readable by the external packages PACES and MONTE to sequence groups of peaks. Further, the results of these programs can be read into NMRView so that the results can be verified by spectroscopic analysis. We have verified the utility of this approach by confirming our previous assignment results for the protein DNA polymerase λ (DeRose et al., 2003) , using both PACES and MONTE.
